Abstract. The Mesoproterozoic Nain Plutonic Suite (NPS) of Labrador (Canada), one of the largest anorogenic plutonic terranes, was studied by a refraction/wide-angle seismic experiment. Four ocean bottom seismometers and 18 land stations were deployed along a 330-km profile and recorded air gun shots from the easternmost 160 km with the NPS located in the center of the line at the suture of the Nain and Churchill Provinces. P and S wave velocity models were developed by forward modeling of travel times and amplitudes. Upper and middle crustal P wave velocities outside and beneath the NPS range from 5.9 to 6.5 km/s, lower crustal P wave velocities range from 6.55 to 7.0 km/s. Within the anorthositic rocks, velocities are as high as 6.8 km/s, and reflections define the base of the NPS to be 8 km deep in the SE Churchill Province and 11 km in the Nain Province, a variation that may be the result of lateral density changes within the country rocks or the anorthosites. The total crustal thickness is 39 km west of the NPS but is only 32-34 km beneath the NPS, some 5 km less than Nain Province crust distal from the NPS. The inferred crustal thinning is possibly related to anatexis of the lowermost crust by a thermal plume that generated the plutonism. The Poisson's ratios are 0.275 within the anorthosite plutons, 0.27 in the upper and middle crust, and 0.285 in the lower crust. These values are some 0.03 higher than in the Archean Nain crust distal to the NPS, indicating a higher plagioclase content at all crustal levels as result of the plutonism. We postulate that a crustal root, similar to the root observed farther north in the Torngat Orogen, was completely removed by anatexis and the silicic and basic magmas probably ascended to midcrustal levels along preexisting zones of weakness at the Nain-Churchill boundary.
Seismic data were converted to SEG-Y format (Society of Exploration Geophysicists) and coherency mixed across five traces using the method of Chian and Loteden [1992] that accounts for time domain dip, followed by a band-pass filter (4 to 10 Hz). Record sections (Figures 3 and 4) for P and S waves are displayed with a reduction velocity of 7.5 and 4.0 km/s, respectively, and amplitudes are scaled by range.
Methodology
The data were modeled using a two-dimensional velocity model. offset in the shot line, stations 44 to 28 were positioned by keeping their distance to station 44, and station 27 and the OBS were positioned using their distance to the eastern end of the line. This projection results in maximum errors of 2.5 km for the relative position of shots along the line. Land stations 27 to 31 were deployed close to the shot line at elevations ranging from 10 to 50 m. For the modeling, these stations were projected to the appropriate depth level in the water column assuming a water velocity of 1.5 krn/s and a basement velocity of 6.0 krn/s. To determine the velocity structure of the crust and upper mantle along line 6, the programs RAYINVR and TRAMP [Zelt and Ellis, 1988; Zelt and Smith, 1992; Zelt and Forsyth, 1994] were used. In a first step, the observed P wave travel times were simulated by forward modeling. Later, amplitude information of the records was incorporated in the modeling procedure to match both observed travel times and amplitudes. The amplitude modeling was based on the computation of ray-theoretical synthetic seismograms and a qualitative comparison with the field records. The source signal used for the synthetic seismograms was extracted from stacking 100 coherent traces of a field record. Gaussian random noise has been added to the synthetic seismogram in Figure 3e to match the signal-to-noise ratio of the original record section. After developing a P wave velocity model, travel times of S waves were considered by using the P wave velocity model and assigning Poisson's ratios to crustal blocks from which the S wave velocities were calculated. Figures 3b-3e) . Offset (x; km) (Figure 3d ). Some of these later arrivals are internal multiples associated with the high-velocity igneous rocks in the batholith, and others are related to diffractions or complex ray paths (named ProP*) caused by the geometry of the NPS. Similar complexities are also observed for some of the Pn phases (named Pn*). There is also the possibility that some of the arrivals following the initial Prop phase might be secondary PmP branches resulting from a complex Moho geometry (curvature) at the continental margin. However, the margin is too close to the eastern limit of the line to allow for a direct image of the Moho geometry in that area.
Seismic
Ps phase velocities within the Nain Plutonic Suite range from 6.2 to 6.65 km/s, which is higher than velocities in the surrounding crust and, in particular, higher than in the underlying crust. This results in a local low-velocity zone at the base of the NPS. The impedance contrast between the high-velocity batholith and the underlying crust is high enough to generate a medium-amplitude reflection from the base of the anorthositic part of the NPS (Figures 3d and 4) .
Shear wave phases observed on the record sections (Figures 3a and 3d shading for velocity nodes (darkness increases with diagonal value) and solid circles for interface nodes (radius of inner solid circle increases with diagonal value).
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Poisson's ratios would be too large to allow any useful interpretation. In addition, no Poisson's ratios could be determined for the sediment column because the observed S phases travel through the sediments as P waves with the P-to-S conversion occurring at the basement. 
Model Resolution and Uncertainty
The travel time residuals and the number of travel time picks for individual P and S phases are summarized in Tables  1 and 2 . The root-mean-square (rms) travel time residual for P waves is higher by 13 ms than that for the S phases, which is related to the neglect of the westernmost stations (stations 36-44) for the S wave modeling as explained in section 4.2.
Omission of these stations would result in a residual of 134 ms for the P waves, which is compatible with the 131 ms for the S waves.
In addition to limitations associated with the lack of air gun shots in the west, some ray-tracing difficulties occurred at the high-velocity rocks of the NPS embedded in low-velocity country rocks. Ray paths are very sensitive to the shape of the batholith: for instance, the ProP* and Pn* phases that get deflected at the eastern border of the anorthositic rocks (stations 32 and 44 in Figure 5 ). Other phases affected by the geometry of the NPS are refracted phases through the plutonic mass and immediately below it. In some cases, these crustal refractions cannot be modeled, although they are observed on the record sections, and in other cases these phases should be visible according to the ray-tracing but cannot be identified on the records. This indicates that the structure of the NPS is probably more complex than shown in the velocity model (Figure 6a ). Three-dimensional effects certainly contribute to some of the mismatches, because (1) the batholith is not strictly a two-dimensional feature, (2) the line is not exactly perpendicular to the strike direction of the NPS, and (3) there is an 8-km north-south offset in the line. The 
Gravity Modeling
To check the velocity model of line 6 for consistency with the gravity data, two-dimensional gravity modeling was performed using the Talwani [Funck and Louden, 1998 ] was modified toward a more anorthositic content with slightly higher P wave velocities, a higher Poisson's ratio, and lower densities.
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There is also the possibility that some of the assumed Upper crustal and midcrustal P wave velocities within the Nain Province on line 6 (5.9-6.5 km/s) are similar to those on line 4 but again have a higher Poisson's ratio (0=0.27) than on line 4 (0=0.24). None of the rock samples collected in the Nain Province [Muzzatti, 1998] The northern Nain Plutonic Suite is characterized by a roughly 20-mGal gravity low (Plate l a) with anomalies between -60 and -80 mGal. At first glance, the continuation of the gravity low east of 245 km (Figure 7) suggests that the NPS may extend up to a distance of 280 km or close to OBS 2 (Plate l a). However, an anorthositic intrusion east of 245 km cannot be thicker than -3 km. Below that depth the velocities are too low to be associated with an anorthositic composition. It remains a possibility that the NPS continues eastward as low-density granitoid rocks. The argument against granitoid rocks is the relatively high Poisson's ratio of 0.27 in that zone [cf. Holbrook et al., 1992] . In summary, the seismic data do not support a thick pluton east of 245 km. To explain the eastward continuation of the gravity low, we suggest that a substantial amount of anorthosite exists within the entire crustal column. This would explain the low density in the lower crust east of 240 km, which is set to 2.80 g/cm 3 in the gravity model (Figures 7c and 7d) .
Some support for the interpretation that the anorthositic plutons of the NPS do not continue east of 245 km comes from the magnetic anomaly map (Plate lb). The NPS is, in general, characterized by negative anomalies, which extend up to OBS 4 corresponding to the eastern border of the thick anorthosite complex in the seismic model. However, one has to be cautious with the interpretation of the magnetic data, since anorthositic rocks in the Harp Lake Intrusive Suite are characterized by both negative and positive anomalies. The same caution is necessary for the interpretation of the gravity data, as can be seen by the north-south variations within the NPS.
Tectonic model, A genetic model for the Nain Plutonic Suite was developed by Eroslie et al.
[1994] on the basis of geochemical data. They suggest that the generation of AMCG complexes starts with a hotspot or a mantle plume at the base of the crust. The heat associated with the basaltic magma results in anatexis at lower crustal levels with the extraction of granitoid partial melts that form the granitic plutons at higher crustal levels. Removal of the granitic partial melt leaves crustal residues lower in SiO2 and enriched in plagioclase and pyroxene. These residues were assimilated by mantle derived basaltic magma, thus forming anorthositic magma. The rise of anorthositic magmas followed crustal paths preheated by the earlier passage of granitoid magmas. Ryan [1997] 
Conclusions
The R/WAR seismic line across the Nain Plutonic Suite shows a very distinctive high-velocity crustal zone, which is interpreted to be largely NPS anorthositic rocks. Low velocities in the country rocks allow for seismic detection of the base of the anorthosites at a depth of 8 to 11 km. The NPS is one of the few AMCG complexes where the base can be seismically determined. The thickness of the pluton changes across the isotopically inferred boundary between the underlying SE Churchill and Nain Provinces. In the west the pluton is 8 km thick, whereas it is up to 11 km thick in the Nain Province. The lateral change of depth is possibly related to differences in the density structure of the crust into which the anorthositic magmas intruded. Higher densities within the Tasiuyak gneisses could have allowed for a rise of the magmas to higher crustal levels compared to the Nain crust. Alternatively, the density of the magmas generated in the SE Churchill and Nain crust could have differed.
Comparison with other seismic studies within the Nain Province unaffected by the anorogenic plutonism shows that the crust underlying the NPS is some 4 to 6 km thinner in accordance with tectonic models for AMCG complexes. Anatexis of the lowermost crust is related to magmatic underplating as consequence of a plume . There is no seismic evidence for remnants of an underplated layer, but gravity models (Figures 7c and 7d) 
